Multimodal Upconversion Nanoplatform with a Mitochondria-Targeted Property for Improved Photodynamic Therapy of Cancer Cells.
Upconversion nanoparticles (UCNPs) with the capacity to emit high-energy visible or UV light under low-energy near-infrared excitation have been extensively explored for biomedical applications including imaging and photodynamic therapy (PDT) against cancer. Enhanced cellular uptake and controlled subcellular localization of a UCNP-based PDT system are desired to broaden the biomedical applications of the system and to increase its PDT effect. Herein, we build a multimodal nanoplatform with enhanced therapeutic efficiency based on 808 nm excited NaYbF4:Nd@NaGdF4:Yb/Er@NaGdF4 core-shell-shell nanoparticles that have a minimized overheating effect. The photosensitizer pyropheophorbide a (Ppa) is loaded onto the nanoparticles capped with biocompatible polymers, and the nanoplatform is functionalized with transcriptional activator peptides as targeting moieties. Significantly increased cellular uptake of the nanoparticles and dramatically elevated photocytotoxicity are achieved. Remarkably, colocalization of Ppa with mitochondria, a crucial subcellular organelle as a target of PDT, is proven and quantified. The subsequent damage to mitochondria caused by this colocalization is also confirmed to be significant. Our work provides a comprehensively improved UCNP-based nanoplatform that maintains great biocompatibility but shows higher photocytotoxicity under irradiation and superior imaging capabilities, which increases the biomedical values of UCNPs as both nanoprobes and carriers of photosensitizers toward mitochondria for PDT.